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3 Objectives, work programme and research environment in the second funding period

= Research area of the proposed consortium (according to the DFG classification
system: www.dfg.de/subject-classification)
FAIRmat represents the fields of condensed-matter physics (DFG Review Board 3.21) and the
chemical physics of solids (DFG Review Board 3.12).

= Concise summary of the consortium’s main objectives and task areas

In the first funding period, FAIRmat has elaborated a rich portfolio of concepts and technologies,
that now allow a consistent workflow for research data management (RDM), bringing already an
immediate benefit for the colleagues who adapt to our concepts. So far, we have organized our
work with a central technology service — the NOMAD ecosystem — and specifications for pilot

fields within the large community of condensed matter physics.

Science in this field has changed in recent years. It is by now more than evident that the upcoming
paradigm of data-centric research will become of utmost importance for our community. FAIRmat
has anticipated this in the first proposal, and has already proven to be a major source of Al-centric
science. However, like in any other scientific domain, breakthroughs in Al-supported research
remain limited by the lack of highly structured, interoperable data. This insight reemphasizes the
necessity of most advanced RDM concepts and an even broader cultural change in the entire
field. In the second funding period, FAIRmat adapts to this paradigm change and sets much more
ambitious goals. FAIRmat anticipates that highly structured data and interoperability will be a
strategic prerequisite for the 4™ paradigm of science. In this mindset, we have adapted the

consortium's mission and structure.

We now briefly outline the main technological and conceptual modules that collectively shape the
FAIRmat strategy and its success. A core element is the comprehensive data management
platform NOMAD (see also Figure 1). Being an infrastructure that puts defined data structure and
interoperability as primary design principles, it fosters the definition of rich data schemas,
acquisition from a wide range of sources, transformation of raw files into structured and reusable

data, data sharing across institutions, and scalable analysis.

Of utmost importance for the collaborative culture of our scientific community is the ability to
connect distributed and federated infrastructure through a network of local NOMAD instances,

known as NOMAD Oases. NOMAD Oasis is an internationally adopted software used to organize
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data for individual small research groups, entire universities, and large-scale collaborations, as
well as industrial research units. It includes electronic lab notebook (ELN) functionality and
enables users to search, access, and analyze data inside the chosen environment. In parallel,
the central NOMAD installation acts as an open-science community-wide data hub and as
connection node for (meta)data contributed by local instances. NOMAD CAMELS is an
experimental control software that lets users orchestrate their lab with a continuously growing
library of instrument drivers thanks to the support of the community. It provides further a simple

entrance pathway into the NOMAD ecosystem.

The original approach of developing interoperability concepts through selected pilot methods has
led to a profound understanding of the requirements and solutions. In the next funding period, we
can leave such separations behind and aim for overarching concepts, without sacrificing method
specificity. We maintain Synthesis, Experiment, and Computation as vertical task areas,
because they ensure the bottom-up approach by our Pls bringing in their invaluable domain
expertise from different research fields. Within these domains, we generalize the so far distinct
methods and emphasize on the overarching systematics, allowing us to address much larger

fractions of our vast community and their challenges.

Building on the already mature concepts elaborated in the first funding period, we introduce a
layered structure of three horizontal areas — Data Modeling and Interoperability, Digital
Infrastructure, and Enabling Data-centric Science. This picture emphasizes that (meta)data
are the prerequisite for Al being successful in our domain, and that the infrastructure provides a

performant linking element as the technical backbone of our ecosystem.

Our dedicated Outreach task area organizes the manifold interactions between the FAIRmat
team and the broader community. Its focus slightly shifts to stronger harmonization with other
consortia (OneNFDI) and collaborations with international stakeholders. The FAIRmat Hub at the
Center for the Science of Materials Berlin (CSMB) will remain the primary working environment
of the core team. It is managed and administered by a rather lean Head Office (task area
Management). This centralized approach has proven highly effective in building and maintaining
infrastructure at scale and will continue to serve as a cornerstone of FAIRmat’s operations in the

second funding period.
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= Brief description of the proposed use of existing infrastructures, tools and services

that are essential in order to fulfil the planned consortium’s objectives

contributions to
OPTIMADE,
NeXus, VOC4Cat,

3 guides, 4
user events, 14
tutorial events,

100

videos

registered users

700

developers and

domain experts merge requests
S = 8,500
<SS %Q (4
o V’ commits
lab automation \ )

|
with \/‘

@®NOMAD
CAMELS

external databases,
e.g. Materials
Project, HTEM

containerized tools,

26

analysis notebooks
in your browser

ELN support
for elabFTW,
labfolder, openBIS,
Chemotion

Figure 1: NOMAD, the integrated, extensible, and distributed RDM ecosystem.

FAIRmat will continue developing the NOMAD ecosystem into an even more powerful and
intuitive data platform. A diagram illustrating FAIRmat’s current services is shown in Figure 1 with

the key components and performance indicators of the NOMAD ecosystem as of February 2025.

The central NOMAD services, including various test, staging, and production NOMAD
deployments, test Oases, the Al Toolkit and other JupyterHub instances, as well as our AAl
service are operated at our co-applicant institution MPCDF, the Max Planck Data and Computing
Facility. A large portion of FAIRmat's software development is done on their GitLab instance.
However, the majority of data and software services runs on local Oases, which are serviced by
FAIRmat members and beneficiaries on their own resources. So far, 80 NOMAD Oases are
registered, many of them in environments beyond FAIRmat’s core community. Note, however,
that we are aware of many more. Currently, the infrastructure is well adapted to the needs, but

the increasing demands from several communities may impose bottlenecks.

= Interfaces to other NFDI consortia: brief description of existing agreements for

collaboration and/or plans for future collaboration
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Collaboration is at the heart of FAIRmat. FAIRmat not only engages within its disciplinary domain,

but also aims at connecting different consortia and supporting interdisciplinary integration. As
such, FAIRmat has initiated the Physical Sciences in NFDI (PSinNFDI), a collaborative forum that
includes DAPHNE4NFDI, MaRDI, NFDI-MatWerk, NFDI4Cat, NFDI4Chem, and PUNCH4NFDI.
With most of our neighbors, joint projects are already running and are planned to be intensified:

NeXus development and linking to related ontologies with DAPHNE4NFDI, bridging small

labs and large-scale facilities;

Common outreach activities  with \/@ ° o 2.\
DAPHNE4NFDI; // \__A/nrpr\
_ . — DAPHNE ), \&Mat O ) I~
Common vocabulary with NFDI4Cat; Y, \\ war\ \
) — -» -\’ \
Integration of Chemotion in NOMAD with \ 7 AL //ﬁ /
PUNCH \—/
NFDI4Chem; h & \\ NFDI \ p—
Offering quantum-chemistry methods in < \ > / / boseu\
NOMAD with NFDI4Chem; \g/ i

Pyiron integration into NOMAD with  Figure 2: FAIRmat’s neighboring consortia with
NFDI-MatWerk: ongoing and planned collaborative activities.

Shared tools and metadata standards for electron microscopy and atom probe
tomography with NFDI-MatWerk;

Experience exchange and common strategies for teaching with DAPHNE4NFDI,
PUNCH4NFDI, and NFDI4Chem;

Represented in JupyterdNFDI, PID4NFDI, and IAM4NFDI with Base4NFDI,

Contributor to AAl incubator projects with Base4NFDI;

Besides strengthening our integration with these core services, we plan to deepen our

involvement in the upcoming terminology service and foster further harmonization between

domain-specific and overarching RDM infrastructures.
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4 International and national networking

accounts from

>1.000

academic
institutions

uuuuuu

uuuuu

unique visitors
per month

Figure 3: Global distribution of the unique visitors of NOMAD's central service.

At any stage, FAIRmat'’s infrastructure was an international data platform. This is reflected in the
reach of NOMAD'’s central service, which now has over 13,000 unique monthly visitors. There is
particularly strong engagement in Germany as a result of NFDI support. Although registration is
not needed for download, NOMAD has over 5,000 registered users. We will work towards its full
integration into the EOSC federation as part of the NFDI node. In the upcoming funding period,
FAIRmat will further strengthen its international footprint, with new Pls joining from institutions in
Denmark, France, Finland, Belgium, Italy, Sweden, and the UK. Also in several European
projects, we will continue offering our services and support to the broader European research
community such as CHARISMA, AddMorePower, EUSpecLab, MaMMoS, and the COST Actions
DAEMON, and QUAST and upcoming ones. Another ongoing project is SolMates (Horizon
Europe). We will keep our close collaborations with UK’s Physical Science Data Infrastructure
program and with U.S. national labs, including NREL, Oak Ridge National Lab, and the Molecular
Foundry at Lawrence Berkley National Lab. We will also deepen our outreach in Asia, building on

existing collaborations with MatDX.org in Korea and RDM activities and organizations in Japan.

FAIRmat members have long played an active role in shaping global RDM standards and will
continue to do so, through leadership positions in the Research Data Alliance (RDA). FAIRmat
will continue extending the NeXus data standards and partnering with international photon and
neutron facilities, including ALBA, DIAMOND, and ESRF. Within the OPTIMADE consortium,
FAIRmat will maintain its role in defining interoperable APIs for materials databases, NOMAD
being the largest OPTIMADE contributor.
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